Molecular mechanisms coordinating functional and morphological plasticity at the synapse: role of GluA2/N-cadherin interaction-mediated actin signaling in mGluR-dependent LTD.
Long-lasting synaptic plasticity involves changes in both synaptic morphology and electrical signaling (here referred to as structural and functional plasticity). Recent studies have revealed a myriad of molecules and signaling processes that are critical for each of these two forms of plasticity, but whether and how they are mechanistically linked to achieve coordinated changes remain controversial. It is well accepted that functional plasticity at the excitatory synapse is dependent upon the activities of glutamate receptors. While the activation of NMDARs (N-methyl-D-aspartic acid receptors) and/or mGluRs (metabotropic glutamate receptors) is required for the induction of many forms of plasticity, AMPARs (alpha-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid receptors), the principal mediators of fast excitatory synaptic transmission, are the ultimate targets of modifications that express functional plasticity. Investigations exploring structural plasticity have been mainly focused on the small membranous protrusions on the dendrites called spines. The morphological regulation of these spines is mediated by the reorganization of the actin cytoskeleton, the predominant structural component of the synapse. In this regard, the Rho family of GTPases, particularly Rac1, RhoA and Cdc42, is found to be the central regulator of spine actin and structural plasticity of the synapse. It is thought that the collaborative interaction between functional and structural factors underlies the sustained or permanent nature of long-lasting synaptic plasticity such as long-term potentiation (LTP) and long-term depression (LTD), the most extensively studied forms of synaptic plasticity widely regarded as cellular mechanisms for learning and memory. However, data specifically pertaining to whether and how these two distinct components are linked at the molecular level remain sparse. In this regard, we have identified a number of synaptic proteins that are involved in both structural and functional changes during mGluR-dependent LTD (mGluR-LTD). Among these are the GluA2 (formerly called GluR2) subunit of AMPARs, Rac1 and Rac1-activated kinases. We have discovered that these proteins interact and reciprocally regulate each other, which led us to hypothesize that the GluA2-Rac1 interaction may serve as a coordinator between functional and morphological plasticity. In this review, we will briefly discuss the available evidence to support such a hypothesis.